A two-year pot experiment (5 kg of soil -Mitscherlich pots) was established in a vegetation hall in Brno (Czech Republic) in the years 2016-2017. Spring barley, variety KWS Irina, was grown. Chernozem from Brno (with a good magnesium (Mg) content and alkali soil reaction -7.37) was used for this experiment. The rates of Mg (0.075-0.15-0.3 g per pot) and sulphur (S) (0.1-0.2-0.4 g per pot) were increased by using the ESTA Kieserite fertiliser (25% MgO; 20% S), treatments 2-4. Nitrogen was applied in the form of Calcium Ammonium Nitrate -CAN (27% N) at a rate of 1 g N per pot in all the treatments including the control. The effect of the year was found to be significant on all the parameters under study, with the exception of the soil reaction. The exchangeable soil reaction (pH) after the harvest did not differ in all the fertilised treatments (7.40-7.50) compared to the unfertilised control treatment (7.40-7.45) in both years. The content of post-harvest soil Mg and S increased significantly with the applied rate (285-354 mg Mg/kg in fertilised treatments compared to 276-284 mg Mg/kg in unfertilised control and 47-112 mg S/kg in fertilised treatments compared to 24-54 mg S/kg in unfertilised control, respectively). Dry matter yields of the aboveground biomass were significantly the lowest in the control treatment not fertilised with Mg and S during both years (23.00 and 29.02 g DM per pot) and increased after applications of Mg and S:
A two-year pot experiment (5 kg of soil -Mitscherlich pots) was established in a vegetation hall in Brno (Czech Republic) in the years 2016-2017. Spring barley, variety KWS Irina, was grown. Chernozem from Brno (with a good magnesium (Mg) content and alkali soil reaction -7.37) was used for this experiment. The rates of Mg (0.075-0.15-0.3 g per pot) and sulphur (S) (0.1-0.2-0.4 g per pot) were increased by using the ESTA Kieserite fertiliser (25% MgO; 20% S), treatments 2-4. Nitrogen was applied in the form of Calcium Ammonium Nitrate -CAN (27% N) at a rate of 1 g N per pot in all the treatments including the control. The effect of the year was found to be significant on all the parameters under study, with the exception of the soil reaction. The exchangeable soil reaction (pH) after the harvest did not differ in all the fertilised treatments (7.40-7.50) compared to the unfertilised control treatment (7.40-7.45) in both years. The content of post-harvest soil Mg and S increased significantly with the applied rate (285-354 mg Mg/kg in fertilised treatments compared to 276-284 mg Mg/kg in unfertilised control and 47-112 mg S/kg in fertilised treatments compared to 24-54 mg S/kg in unfertilised control, respectively). Dry matter yields of the aboveground biomass were significantly the lowest in the control treatment not fertilised with Mg and S during both years (23.00 and 29.02 g DM per pot) and increased after applications of Mg and S: 27.75-29.25-28.25 in 2016 and 30.33-31.00-34.50 in 2017 (g DM per pot) .
Agriculture (Poľnohospodárstvo), 64, 2018 (4): 183−188 DOI: 10.2478 /agri-2018 In general, chernozem soils are regarded as very fertile soils (Živna 2010) ; however, to be fertile they require systematic care of the farmer, including regular and well-balanced supply of nutrients in mineral and organic fertilisers (Slowińska-Jurkiewicz et al. 2013) .
Each crop can fully express its yield potential provided all external conditions are at optimum.
Harmoniuos nutrition and fertilisation are necessary components of the crop management of barley for achieving the required yields and quality (Kováčik et al. 2006; 2009; Neugschwandtner et al. 2015) .
Bio-physiological functions of magnesium are well recognized, including a unique action of chlorophyll molecules in CO 2 fixation and in dry matter partition between crop organs (Shaul 2002) .
Sulphur was an underestimated macroelement because of a good S supply from atmospheric deposition and wide use of S-containing fertilisers almost until the end of the 20 th century (Scherer 2009 ). However, the content of mineral sulfur forms in soil rapidly decreased in the last three decades (Balík et al. 2009 ). Therefore, mineral sulfur deficiency starts to be an actual problem in many locations (Eriksen 2005; Lehmann et al. 2008; Kulhánek et al. 2016) . Klír et al. (2008) went as far as to say that the uptake of S by cereals was higher (3.5 kg S/t grain + straw) than the uptake of Mg (2.3 kg Mg/t grain + straw).
The acreage of arable soil [%] in the Czech Republic in terms of Mg-supply categories is as follows: low -17.21%, satisfactory -34.55%, good -32.12%, high -8.99%, very high -7.13%. More than 4/5 of arable land in the Czech Republic (low category -satisfactory -good) therefore requires Mg fertilisation (Smatanová & Sušil 2015) .
Soil testing plays a vital part in providing field -based nutrient-management feedback to growers. To improve responses from nutrient inputs and to minimize environmental degradation, cost-effective, rapid soil tests are required to enable site-specific recommendations (Ostatek-Boczynski & Lee -Steere 2012; Mühlbachová et al. 2017; . Mehlich 3 method is widely used since it is capable of easily and rapidly determining the elements, phosphorus, potassium, calcium, magnesium, sodium, boron, copper, iron, manganese and zinc (Monterroso et al. 1999) . To a certain degree the combination of soil and plant analysis and the use of calibration experiments on production sites admittedly allow the development of recommendations for Mg nutrition of crops (Gransee & Führs 2013) .
As agrochemical changes in the soil after fertilisation have to be taken in consideration for developing a reasonable fertilisation regime, the objective of the study was to assess the effects of ESTA Kieserite application on both, yield of barley biomass and agrochemical changes in the soil.
T a b l e 1 Agrochemical characteristics of the soil prior to trial establishment (Mehlich III) Mitscherlich vegetation pots were filled with 5 kg of medium-textured soil, loamy (on an oven dry basis at 105ºC) characterised as Chernozem (the soil was taken from the A-horizon). Organic carbon content was 1.76%, humic acids/fulvic acid ratio was 1.04 and a humification degree was low, 14.85%.
Soil analyses were carried out before the experiment and after harvest using the Mehlich 3 method (0.015 M NH4F + 0.2 M CH3COOH + 0.25 M NH4NO3 + 0.013 M HNO3) (Mehlich 1984) . The concentration of Mg and S in soil extracts was determined using ICP-OES, SPECTRO (Kleve, Germany). Table 1 gives the agrochemical properties.
Nitrogen was applied in the form of Calcium Ammonium Nitrate -CAN (27% N) at a rate of 1 g N per pot in all the treatments including the control.
The experiment involved 4 treatments given in Table 2 . Every treatment included 4 repeats.
Magnesium and sulphur were applied in the form of ESTA Kieserite (25% MgO; 20% S). The pots were watered with de-mineralized water to a level of 60% of the maximal capillary capacity and were kept free of weeds. The aboveground biomass of spring barley was harvested at the stage of milk-wax maturity on 22
nd June 2016 and 23 rd June 2017. The results were processed statistically using multi-way analysis of variance (ANOVA) followed by testing according to Scheffe (P = 95%).
RESULTS AND DISCUSSION

The post-harvest soil reaction (pH) and level of soil magnesium and sulphur
The optimal range of the soil reaction (pH) for barley is 6-7 (Fecenko & Ložek 2000) . The exchangeable soil reaction (pH) after the harvest (Table 3) did not differ in any of the fertilised treatments (7.40-7.50) compared to the unfertilised control treatment (7.40-7.45) in both years. Every soil has its so-called buffer capacity which prevents abrupt changes in the soil reaction (also under the effect of fertilisation) and which is affected particularly by the content and quality of the humus and content of calcium and magnesium (Fecenko & Ložek 2000; Kępka et al. 2016) . In soil used in this experiment especially the content of Ca (6,081 mg/kg) was high (on the threshold of the category very high) and buffered changes in the soil pH during vegetation. In a similar experiment but different soil -Haplic Luvisol Lošák et al. (2017) stated that the soil reaction (pH) increased after Mg-S fertiliser application significantly in all the fertilised treatments (6.42-6.57-6.60) compared to the unfertilised control treatment (6.10). In long-term experiments (1994-2011) on Haplic Luvisol where NPK was applied under conventional tillage and application of crop residues Šimanský & Kováčik (2015) found that the soil reaction increased by 8 to 17% compared to unfertilised control.
Depending on the selective ion uptake by plants, we divided the mineral fertilisers into physiologically acid (cation uptake prevails), alkali (anion uptake prevails) and neutral (Fecenko & Ložek 2000) . Based on our results it is clear that after the application of ESTA Kieserite the soil did not change the soil reaction, however among the important factors is also the soil type and agrochemical properties of the soil. It is also commonly known that the uptake of Mg is strongly influenced by the availability of other cations like ammonium, calcium and potassium (Fageria 2001 remains in the soil in higher amounts. In chemical terms, Mg and Ca both rank among alkali earth metals with alkalifying effects on the environment. Ponette et al. (1993) described only very few changes in soil pH on acid soils after Kieserite application. Mengel & Kirkby (2001) noted that on more neutral soils, MgSO 4 , e.g. Kieserite, is more appropriate particularly on arable land where application of high levels of Mg is required. Magnesium and sulphur levels were found to differ significantly but irregularly among the treatments, Table 4 . The content of post-harvest soil Mg and S increased significantly compared to the unfertilised control with the applied rate: 309-319-354 mg Mg/kg and 47-63-102 mg S/kg (2016), and 285-313-319 mg Mg/kg and 62-82-112 mg S/kg (2017), respectively. Also, Lošák et al. (2017) obtained similar results. The postharvest Mg and S levels were the lowest in the unfertilised control; at the same time in this treatment (treatment 1) the postharvest Mg content (284 and 276 mg/kg) was lower than at the beginning of the experiment (322 mg/kg). It is because Mg uptake by barley plants in this unfertilised control treatment (treatment 1) plus in the majority of other treatments (except treatment 4 in 2016) was not sufficiently compensated with an application of Mg fertiliser and was not rendered sufficient from mineralization of organic matter in the pot. Differences in the degree of mineralization of soil organic matter may also explain the inter-annual differences in the contents of Mg and namely S in the respective treatments. Grzebisz (2013) described that the degree of the yield increase depended on the stage of plant development and the amount of applied Mg.
Cereals cultivated on soils ranging from low to medium levels of soil available Mg responded significantly to Mg applied at the rate of 5 kg/ha.
Dry matter yields of the aboveground biomass
In spite of the extended knowledge concerning the bio-physical background of plant growth, there is a deep gap about crop plants' requirements for magnesium (Grzebisz et al. 2010) . Most of the literary references mention the effect of Mg application on yields and quality of barley grain in the stage of full maturity (Kováčik et al. 2009 (Kováčik et al. , 2016 . However, plants in our experiment were harvested at the stage of milk-wax maturity.
The yields of the aboveground biomass (g DM/pot) are shown in Table 5 where again the effect of the year was significant. Křen et al. (2014) found that the formation of barley grain yield was affected by individual factors in the following or- der of importance: year, nitrogen, cultivar and sowing rate. Dry matter yields of the aboveground biomass in 2016 (Table 5) were the lowest in the control treatment (23.00 g per pot) and increased significantly after Mg-application in all the other treatments (treatments 2-4), although no significant differences were detected among these treatments. The situation was the same in 2017, however the increase in yields was significant only with the higher (treatment 3) and highest (treatment 4) Mg rate applied (31.00-34.50 g per pot), including significant differences between these treatments (3-4). In a similar experiment but different soil -Haplic Luvisol, Lošák et al. (2017) (Shaul 2002) . There is some evidence that Mg plays specific roles in dry matter formation and carbon partitioning to sink organs, as under Mg deficiency carbohydrates accumulate in source leaves. Therefore, an earlier response of plants to Mg deficiency is carbohydrate accumulation in source leaves and reduced root growth due to restricted supply of the roots with carbohydrates (Cakmak et al. 1994) .
Apart from Mg, the fertiliser ESTA Kieserite contains S which also has a positive effect on yields. Several researchers (Zhao et al. 2006 ) indicate a positive effect of S fertilisation on cereal crop production because of low soil sulphur content.
CONCLUSIONS
The results of 2-year pot experiments showed that soil applications of water-soluble Mg and S can significantly increase the Mg and S content in Chernozem, i.e., about tens of milligrams per kilogram of soil. The soil reaction (pH) did not change in any of the fertilised treatments compared to the unfertilised treatment. An adequate amount of available Mg and S in soils (in accordance with the soil test) increases the nutrient utilization efficiency which is reflected in higher biomass yields. ESTA Kieserite is a suitable mineral fertiliser for alkali soils too.
